Three new oleanane-type triterpene saponins (1, 2 and 3) were isolated from aerial parts of Gladiolus gandavensis, along with two known compounds (4 and 5). Their structures were elucidated as 29 (2), and 2β,3β,29-trihydroxyolean-12-en-28-oic acid 28 (3), by spectroscopic methods, and by comparison with known analogues. These oleanane-type triterpene saponins glycosidated at C-29 were not obtained frequently.
Introduction
The plant Gladiolus gandavensis Van Houtte widely distributes in China. As a Chinese medicinal herb, the corm of this plant, named 'sou shan huang' is used for treatment of fever, boils, pharyngitis and parotitis in China. 1 The various chemical constituents were isolated from the corm of this plant. [2] [3] [4] To the best of our knowledge, there is no report on the chemical constituents of the aerial parts of Gladiolus gandavensis. 
. In this paper, the isolation and structure elucidation of these three new saponins from the aerial parts of this plant were described. In addition, their cytotoxicities were also investigated.
Experimental Section
General experimental procedures. Melting point was measured on a Dresden HMK micromelting point apparatus and was uncorrected. The high resolution 1D and 2D NMR spectra (HMQC, HMBC, 1 H-1 H COSY and ROESY) were performed using Bruker DRX-500 MHz spectrometers. All chemical shifts (δ) are given in ppm, and TMS was used as an internal standard. MS spectra were measured on a VG Auto Spec-3000 mass spectrometer and Agilent G3250AA LC/MSD TOF spectro- Extraction and isolation. The air-dried and powered plant of Gladiolus gandavensis (4.5 kg) was extracted three times each with 20 L of 85% methanol (each 48 hours) at room temperature. The methanolic extract was decanted, filtered under vacuum, concentrated in a rotary evaporator. The resulting crude extract was partitioned successively with petroleum ether, EtOAc and n-BuOH to yield soluble fractions of petroleum ether extract (65 g), EtOAc extract (108 g) and n-BuOH extract (175 g), respectively. The n-BuOH extract was separated by a normal phase silica gel column chromatography (1:0→0:1, CHCl 3 /CH 3 OH) to give six fractions (Frs. I-VI). Fraction VI was purified by Sephadex LH-20 with methanol to afford compound 3 (15 mg) and 4 (7 mg). Fraction III was subjected to C18 reverse-phase chromatography (7:3→2:8, H2O/CH3OH) to give five fractions (Frs. III1-III5). Frs. III1, Frs. III3 and Frs. III5 were subjected to Sephadex LH-20 with methanol to afford compound 2 (29 mg), 1 (35 mg) and 5 (11 mg), respectively. Table 2 .
Acid hydrolysis and determination of the absolute configuration of the sugars. A solution of 1 (10 mg) , 2 (10 mg) and 3 (10 mg) in 80% methanol-benzene (10 mL) were refluxed for 8 h with 10 mL of 1 M HCl, respectively. After cooling, the organic layer was evaporated under reduced pressure. The water soluble fraction was neutralized with Na2CO3, and sugars in the aqueous solution were identified by co-chromatography with authentic samples using TLC with solvent system (4:1:1, nBuOH/CH3COOH/H2O). The chromatograms were sprayed with aniline hydrogen phthalate reagent, and their data (Rf) revealed the presence of Glc (R f 0.10), Rha (R f 0.13) and Xylose (Rf 0.16) units. Furthermore, the absolute configuration of these sugars was determinate by GC analysis, according to a method previously reported with some modification. 6 Briefly, solution of were also observed. Thus, the glucose unit should be located at C-29 through an ether linkage to C-1′. On the other hand, the HMBC correlations for H-1/C-2, H-2/C-3, H-3/C-2, H-3/C-4, H-3/C-23 and H-3/C-24, indicated that two OH groups linked at C-2 and C-3, respectively.
The relative configuration of 1 was established by ROESY experiments (Figure 3 ). The NOE correlations [H-3/CH3-23, H-3/H-5, H-5/H-9, H-9/CH3-27] showed H-3 was situated on the α-side of the triterpene. The NOE correlation from H-2 to H-3 indicated that H-2 is α configuration as H-3, which was confirmed by the coupling constant of H-3 (d, J = 3.5 Hz). In addition, the NOE correlation for H-18/H-30 and the 13 C NMR data of C-29 (δ 81.6) and C-30 (δ 19.8) suggested that the conformation of the E ring of 1 was a chair conformation as shown in Figure 1 .
Based on the results obtained from the spectral studies and extensive review of the related literature, 8, 9 the structure of compound 1 was determined to be 2β,3β
Compound 2 Analysis of the 13 C NMR spectrum of 2 (Table 1) revealed that the structure of 2 was similar to that of 1, but differed from 1 in terms of addition of a xylose group (107.6, 73.0, 74.7, 69.6, 66.9) at C-3 (δ 88.7) and the absence of a OH group at C-2 (δ 25.3) (Figure 1 ). On comparison of the report, 10 the glycosylation shifts was observed at C-3 (+10.7 ppm), this led to the conclusion that the xylose unit was connected to OH-3β. The result was confirmed by the HMBC correlation (Figure 2 ) from H-1′ (δ 4.76, d, J = 7.0 Hz) to C-3. In its ROESY spectrum (Figure 3 Hz, H-1′′), and δ 5.47 (1H, brs, H-1′′′). The β-configuration of the two glucopyranosyl units and an α-configuration for the rhamnopyranose were suggested by their coupling constants. On the basis of the chemical shifts of H-1′ and C-1′ (δ 93.6), A glucopyranosyl unit should be located at C-28 (δ 176.7) through an ester linkage, 12 which was confirmed by the HMBC correlation between the H-1′ and C-28. The chemical shifts of C-2′ (δ 78.8) and C-6′ (δ 66.9) was at the relative lower-field implied this inner-glucopyranosyl unit might be glycosidated at C-2′ and C-6′. [13] [14] The absence of any 13 C NMR glycosidation shift for an α-rhamnopyranosyl unit and the other β-glucopyranosyl unit suggested that these sugars were terminal units. The HMBC correlations ( Figure 2 ) for H-1′′/C-2′ and H-1′′′/C-6′, indicated that the other glucopyranosyl and the rhamnopyranosyl were located at C-2′ and C-6′ of the inner glucopyranosyl, respectively. Finally, the structure of 3 was elucidated as 2β,3β,29-trihydroxyolean-12-en-28-oic acid 28-O-[β-D-glucopyranosyl (1→2)-(α-L-rhamnopyranosyl (1→6))-β-D-glucopyranosyl] ester.
The oleanane-type triterpene saponins glycosidated at C-29 were not obtained frequently. Compounds 1, 2 and 3 were evaluated in vitro against four tumor cell lines [liver carcinoma (HepG2), promyelocytic leukaemia (HL-60), ovarian carcino-ma (Skov-3), epidermoid carcinoma (A431) purchased from the Institute of Cell Biology in Shanghai, Chinese Academy of Science] by microculture tetrazolium (MTT) assay. 15 All the experiments were done in triplicate. The weak inhibition of cell growth, achieving corresponding 50.0% in HL-60 cell lines at a concentration of 0.51 mmol/L, was observed for 1. As for 2 and 3, the similar result were also found for the HL-60 cell lines with the inhibition values of 50.0% at concentration of 0.50 mmol/L and 0.31 mmol/L, respectively. Compound 1, 2 and 3 did not show the obvious inhibition of cell growth against HepG2, Skov-3 and A431 cell lines.
